Purpose To evaluate the intensity of nocturnal hypoxemia associated with sleepiness in Peruvian men with a diagnosis of obstructive sleep apnea (OSA). Methods We carried out a secondary data analysis based on a study which includes patients with OSA who were seen in a private hospital in Lima, Peru from 2006 to 2012. We included male adults who had polysomnographic recordings and who answered the Epworth sleepiness scale (ESE). The intensity of nocturnal hypoxemia (oxygen saturation ≤90 %) was classified in four new categories: 0, <1, 1 to 10 and >10 % total sleep time with nocturnal hypoxemia (NH). When the ESE score was higher than 10, we used the definitions presence or absence of sleepiness. We used Poisson regression models with robust variance to estimate crude and adjusted prevalence ratios (PR) for association between sleepiness and NH. Results 518 male patients with OSA were evaluated. Four hundred and fifty-two (87 %) patients had NH and 262 (51 %) had sleepiness. Of the 142 (27.4 %) patients who had >10 % total sleep time with NH, 98 (69.0 %) showed sleepiness and had a greater probability of sleepiness prevalence, with a crude PR of 1.82 (95 % CI 1.31-2.53). This association persisted in the multivariate models. Conclusions We found an association between NH and sleepiness. Only patients with the major intensity of NH (over 10 % of the total sleep time) had a greater probability of sleepiness. This suggests that sleepiness probably occurs after a chronic process and after overwhelming compensatory mechanisms.
Introduction
Obstructive sleep apnea (OSA) is the result of episodic upper airway obstruction occurring during sleep. Obstruction can be total (apnea) or partial (hypopnea) and can occur several times during sleep [1] . Apneas or hypopneas last at least 10 s until the patient has an arousal in order to have an effective breath [1, 2] . The OSA prevalence in the general population with sleepiness is 1 to 6 % [2, 3] and OSA prevalence without sleepiness is 15 to 25 % [1, 4, 5] . Sleepiness is related to a decrease of intellectual activity and a greater risk of accidents, such as car accidents, which is six times more frequent in patients with OSA compared to the general population [6] .
The causes of sleepiness are multifactorial. For this reason, many studies in patients with OSA have included the link between the numbers of obstructive events (apneas/hypopneas)-which measures the severity of OSA-and encephalographic arousals. However, these studies failed to find a clear association [7] [8] [9] between these variables. Therefore, other variables have been sought to explain sleepiness in affected patients such as nocturnal hypoxemia (NH) [10] . Although the molecular mechanisms of NH is associated with sleepiness are not clear, this effect has been found to be mainly due to oxidative damage to wake-active neurons [11] and increased sympathetic activation [12] , including inflammatory and oxidative mechanisms [13] . Nonetheless, these studies had limitations because time in hypoxia was short and this may not produce sleepiness [14] . Other studies were able to establish other possible mechanisms such as chronic injury in the cerebral cortex [15] or vascular endothelial injury [16] . Therefore, it is possible that the difficulties of finding associations are due to the inability to establish the necessary period of hypoxia to produce an apparent injury.
NH involves oxygen saturation under or equal to 90 % during sleep and can be evaluated through several characteristics, such as time in NH, low oxygen concentration, and duration of hypoxemia [17] [18] [19] . Although there are several publications that consider these variables, few clinical studies have evaluated specifically the average duration of NH associated with sleepiness [7, 20] . Additionally, some exploratory investigations have evaluated the average time in NH [9, 21] but have not used the most adequate statistical procedures such as using parametric methods when the data do not follow a normal distribution [10, 22] . Moreover, previous studies have had analytical limitations possibly because not all the characteristics of NH could be included in the model. Since previous studies had difficulty in identifying whether time to NH is associated with sleepiness, as well as the limited number of studies, we established as our hypothesis that sleepiness is associated only in the advanced stages of NH. For that reason, the objective of this study is to evaluate the association between sleepiness and intensity of NH using a new categorization (four categories) of the NH variable that allows us to explore other characteristics, using appropriate statistical procedures for different scenarios.
Methodology

Study design
We carried out a secondary data analysis based on a study aimed at describing the most frequent diagnoses of patients who voluntarily attended the private hospital Clínica Anglo Americana in Lima, Peru during 2006-2012. Preliminary studies with different objectives have been published with other subgroups of this population [23] [24] [25] .
Population
Out of 1,033 patients, 621 were diagnosed with OSA through polysomnographic recordings and in accordance with the criteria of the Sleep Spanish Group (Apnea/hypopnea Index equal to or higher than 5).
We included the records of male adults who answered the Epworth scale (ESE) questionnaire and had a recording with the oxygen saturation during the sleep. Those with a history of stroke, transitory ischemic attack, myocardial infarction, surgery for the treatment of respiratory disorders during sleep or with a second diagnosis of sleep disorder were excluded from the analysis.
For the polysomnography, Easy II® (Cadwell II Inc.) and EB Neuro B.E. light equipment were employed. Two protocols were used for polysomnographic recordings: all-night (conventional) or split-night. Although differences have been identified in the selection of patients for a type of polysomnographic recording, no variations have been reported in oximeter measurements [26] or apnea/hypopnea indexes [27] . For this reason, both types of recordings were included. However, since a new NH classification was used, the variable "type-of-polysomnographic-recording" was included in the analysis to control for confounding.
Variables
Sleepiness
Subjective sleepiness was evaluated with the ESE adapted to Peruvian adults which has an alfa Cronbach of 0.79 and an intraclass correlation coefficient of 0.84 [28] . The ESE has eight questions which test the probability of falling asleep in different daily life situations. The answers are designed on a 4-point Likert scale (0 to 3). The final scores range from 0 to 24 points. The original version helps to adequately identify people with sleepiness when the ESE score is higher than 10 by using the definitions presence or absence of sleepiness [29] .
Nocturnal hypoxemia
During the polysomnography, two variables exploring NH were independently recorded as follows: (1) the percentage of total sleep time with oxygen saturation ≤90 % (T90) and (2), the maximum arterial oxygen desaturation during sleep (MOD).
The T90 is a quantitative variable in a discrete scale which presents the NH values from 0 to 100 % of the total sleep time (TST). The MOD variable only identifies the lowest level of nocturnal hypoxemia. In theory, patients with 0 % in the T90 variable would not have NH; however, by exploring the MOD variable, some of these patients were found to have an MOD reaching hypoxemia levels. Therefore, by integrating T90 and MOD, the NH <1 % category of the TST is created. This integration is valid only for values <1 % of the TST in NH.
Since NH does not have a normal distribution, it is not advisable to use parametric statistics [22] . Because an NH classification could not be found, the distribution was classified based on the 25th percentile, which, in prior studies, corresponds to NH values higher than 10 % of the TST [9, 17] .
Based on the above, the intensity of the NH was classified in four new categories to facilitate clinical interpretation: 
Other covariates
The covariates included in the description and analysis were: age (years), weight (kilogram), body mass index (BMI: kilogram per square metre), cervical perimeter (centimetre), classification of blood pressure by the Seventh Report of the Joint National Committee [30] , history of coronary disease, diabetes mellitus, rhinitis, dyslipidemia, and type of polysomnographic recording of all-night or split-night.
Statistical analysis
The categorical variables are described in absolute frequencies and percentages, and the numerical variables are described in means with standard deviations. The association between sleepiness and numerical data was evaluated with Student's t test. In order to consider differences as significant, the Bonferroni correction was applied to 11 comparisons; therefore, only p values lower than 0.005 were considered to be significant [31] . Furthermore, a chi-square test for trend was used to evaluate whether the percentage of patients with sleepiness increases as NH time gets longer using a p <0.05 value as significant.
We performed Poisson regression models with robust variance to estimate crude and adjusted prevalence ratios (PR) and determined the 95 % confidence interval (CI) for the association between sleepiness and nocturnal hypoxemia. We used PR instead of the odds ratio because the proportion of patients with sleepiness was greater than 20 %. Poisson regression was used to calculate the PR due to convergence problems in log-binomial regression [32] .
We used four multivariate regression models. The first model included age and BMI because in previous studies they were considered as potential confounding variables ("model created with theoretical confounding variables"). In the second model, the variables that were significant in the bivariate analysis (at a level of p <0.005) were included ("model created with significant variables"). The third model included only the variables that improved the crude model according to the Akaike information criterion [33] ("built with the variables improving the crude model"). Finally, the fourth model only included patients with an all-night polysomnographic recording. The statistical power was set at 85 % to detect 50 % increases in the sleepiness ratio with respect to the category of reference, with an alpha level of 0.05, assuming that the proportion of patients with sleepiness would be 40 %. This analysis was calculated with PASS 11 Trial version (NCCS, LLC, UT, USA). All other analyses were performed with STATA 12.1 (STATA Corp, College Station, Texas, USA).
Ethical considerations
We used a de-identified database in order to account for confidentiality; therefore, the study did not pose any risk to patients. The primary study was approved by the Bioethical Committee of the Clínica Anglo Americana and the Comité de Ética en Investigación Biomédica of the Hospital Nacional Dos de Mayo (Cod. 034-2012-CEIB), Lima (Peru). The secondary analysis was approved by the Comité de Ética of the Universidad Peruana Cayetano Heredia (Cod. SIDISI: 60356), Lima (Peru). (Fig. 1) . The percentage of patients with sleepiness increased in each NH category, thus representing a significant trend (p <0.001).
The analysis showed a strong association between sleepiness and NH (p <0.001). When analysing patients with sleepiness compared to patients without it, in addition to NH, the analysis showed a significant association with weight, BMI, (Table 2) . Patients with NH greater than 10 % of the TST were associated with a greater probability of sleepiness, with a crude PR of 1.82 (95 % CI 1.31-2.53). A rising trend in PR is observed as NH time increases in all models; however, these differences were not significant. This relationship persisted for the four multivariate models, although the PR in the NH category over 10 % of the TST decreased 8 % in the model created with theoretical confounding variables, 10 % in the model created with significant variables, 13 % in the model built with the variables improving the crude model, and increased 5 % when including only patients with an all-night polysomnographic recording (Table 3 ).
Discussion
In this study, we found an independent association between sleepiness and nocturnal hypoxemia. Our results are consistent with the work performed in animal models [11, 34] and the reports in the clinical population [7, 9, 10, 17] . However, two aspects deserve to be highlighted: First, sleepiness is present even in patients without NH (around 38 %). Second, there is a higher probability of sleepiness shown by patients with NH values over 10 % of total sleep time. This type of association had not been clearly identified in previous clinical studies because of the low correlation found between NH and sleepiness [17, 20, 21] , in part due to the non-normal distribution of the variables; the behaviour of the hypoxia is not similar in all levels to produce sleepiness, necessitating a reclassification. Our study helped to correct this methodological error.
Studies in mice models exploring the association between long-term intermittent hypoxemia and sleepiness have identified a neural protection process against oxidative stress produced by NH [11, 35] . At the clinical level, NH is not acute in patients with OSA but is associated with the collapse of upper respiratory airways and becomes progressive as the person starts to gain weight, get older or where pharyngeal neuromuscular control is affected [36] . These studies have suggested that there might be protective mechanisms in early stages which are vulnerable to higher levels of NH or in chronic processes. This hypothesis requires further study, but our results suggest this possibility, since the analysis shows that the proportion of patients with sleepiness increases according to greater time in NH.
Using a reclassification of the variable NH helps to improve three analytical aspects: (1) the categories and results generated are easy to understand, (2) the statistical analyses are less complicated to apply and there is no need to transform the quantitative variable and (3) the integration with the maximum desaturation variable is permitted such that a group which has not been previously analysed can be included in the model. Although there are no similar studies for comparison, our results are consistent with previous publications that suggested a non-linear relationship between NH levels and the development of sleepiness [17, 18, 20, 21] ; although the magnitude of the association is markedly different. For example, in the study by Saldías et al. [18] , which dichotomized the time in NH as higher than or lower than 15 % of the TST, an odds ratio of 4.5 was found. However, our study finds an association of smaller magnitude because it uses PR as a conservative estimate. In order to facilitate the comparison of our results with future studies, we have made some adjustments in several multivariate regression analyses, selected in different ways. This is important, since potential confounding variables, such as the polysomnographic record protocol, BMI, age and others are often included in multivariate regressions. Our results show that there is little variation in the PR found in different models. Even when the size of the sample is reduced to 40 %, confidence intervals continue to be similar, thus explaining its consistency. This model could be helpful for generalisation or comparison with other scenarios.
This study has limitations. We were restricted to a secondary data analysis; therefore, data were not collected for all potential confounding variables including sleep quality, depressive symptoms, or hypoxic profile during the day. Additionally, since our sample was a clinical population with special care, bias was introduced during the selection of patients with OSA and without sleepiness, who account for 75 % of patients with OSA in studies of the general population. However, it is reasonable to expect that these patients have fewer comorbidities, and therefore, lower NH levels. Therefore, if these patients had been included, our group of reference (patients without NH or sleepiness) could have had more cases so the magnitude of the association could have been greater. This suggests that our results may be conservative.
Furthermore, only men were included because women have a higher probability of sleepiness due to reasons that have not been evaluated in this study and could interact with the association between NH and sleepiness. Additionally, the proportion of women included in the primary study was 10 %, which would have made the statistical analysis difficult. Finally, the reclassification used also has disadvantages, such as not using all the information generated, and including in just one category a wide group of patients who may not share the same outcome.
Sleepiness may show to be independent from NH in the early stages, and after an induction process leading to high levels of NH, it could contribute to its presentation. This aspect should be considered in future studies that induce hypoxia and evaluate the association with sleepiness. Therefore, we recommend diligence in the study of the chronic effect of NH and the initial mechanisms of susceptibility to sleepiness, which could be independent from NH, through the use of longitudinal studies. We also suggest analysing carefully the association between sleepiness and NH or other polysomnographic parameters with similar statistical characteristics in their distributions as they may lead to inadequate interferences [22] .
In conclusion, in the population studied, there is an independent association between nocturnal hypoxemia and sleepiness. Only patients with NH over 10 % of the TST have a greater probability of sleepiness. This result is consistent when an adjustment is made through potential confounding variables in different scenarios. Furthermore, sleepiness is present even in patients without NH. This suggests that sleepiness would probably occur after a chronic process and after overwhelming compensatory mechanisms.
